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(54) Solid-state imaging device and driving method 

(57) The invention pertains to solid-state imaging 
devices and methods of operating the imaging devices 
for imaging objects having a wide dynamic range of illu- 
mination levels. The imaging device preferably com- 
prises a two-dimensional array of photosensors, such 
as photodiodes, arranged in columns and even and odd 
rows. The photosensors accumulate signal charges 
corresponding to the incident fight flux for an accumula- 
tion time. In one embodiment, the even and odd rows 
accumulate signal charges for different accumulation 
times. The signal charges from adjacent rows and the 
same column are preferably summed. In addition, the 
accumulation times for the even and odd rows prefera- 
bly alternate between a first and a second accumulation 
time. Alternatively, alternate image fields acquire signal 
charge for alternating accumulation times. The longer 
accumulation time is set so that one or more of the pho- 
tosensors saturates. 
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Description 

Field of the Invention 

The invention pertains to a solid-state imaging 
device and a method For operating the imaging device 
that provides wide dynamic range, multiple gray-scale 
image signals. 

Background of the Invention 



Solid-state imaging devices using charge-coupied 
devices ("CCDs") have been used as image sensors in 
electronic and video cameras. Solid-state imaging 
devices have been further developed to be sensitive to 
infrared radiation for applications such as thermal imag- 
ing or night vision. 

With reference to FIG. 15, a prior-art solid-state 
imaging device for infrared imaging uses a two-dimen- 
sional array of PtSi Schottky diodes 61. "Vertical" CCO 
arrays 62 are provided adjacent the columns of the PtSi 
diodes 61 and columnar transfer gates 63 are placed 
between respective vertical CCD arrays and columns of 
PtSi diodes 61. 

Electrodes 4>1 -<t>4 are connected to the vertical CCD 
arrays 62. In FIG. 15, the electrodes $1-<t>4 are shown 
connected to one of the vertical CCD arrays 62 corre- 
sponding to the first column of PtSi diodes 61 . For sim- 
plicity, the connections of the electrodes (|>1-<t>4 to the 
other vertical CCD arrays 62 are not shown. One end of 
each of the vertical CCD arrays 62 is connected to a 
"horizontal" CCD array 64. An output amplifier 66 is con- 
nected to an output buffer 64a of the horizontal CCD 
array 64; The other ends of the vertical CCD arrays 62 
are connected to a discharge line 67. 

The imaging device of FIG. 15 provides interlaced 
output by providing odd and even fields. An operation in 
which an odd field is read-out is described below. First, 
voltages are applied to the electrodes <|>1-<t>3, forming 
potential wells at the vertical CCD arrays 62 that receive 
signal charges accumulated by the PtSi diodes 61 . The 
accumulated charges are transferred to the potential 
wells with the transfer gates 63. Signal charges on an 
n m row (where n is an odd integer) of PtSi diodes 61 and 
signal charges on an (n+1)^ row are mixed in one 
potential well. Thus, signal charges for a single horizon- 
tal line are produced. Next, four different driving pulses 
are applied successively to the electrodes 4>1-<(4. trans- 
ferring the signal charges in the potential wells vertically 
to the horizontal CCD array 64. 

The horizontal CCD array 64 successively receives 
signal charges from rows of the diodes 61 ; the signal 
charges are delivered to the horizontal CCD array 64 
from the vertical CCD arrays 62. These signal charges 
are transferred to the amplifier 66 during a horizontal 
scanning interval. 

An even field is read by forming potential wells 
under the electrodes <fr4, *1. *2. Signal charges on an 



n m row (where n is an odd integer) of PtSi diodes 61 and 
signal charges on an (n-1) m row are mixed, whereby 
signal charges corresponding to a horizontal line are 
produced. 

5 -r^e read-out operations are carried out so that sig- 

nal charges for an even field or an odd field are read out 
sequentially during one field period, e.g. 1/60 s for 
NTSC standard video. Read-out of an odd field and an 
even field (one complete frame or image) requires 1/30 

10 s. 

Imaging devices with electronic shutter capability 
(i.e. that have variable signal charge accumulation 
times) have been disclosed in Japanese Examined Pat- 
ent Publication No. 1-18629. Electronic shutter opera- 
15 tion can also be described with reference to FIG. 15. 
First, unwanted charges accumulated on the PtSi 
diodes 61 are transferred to the vertical CCD arrays 62 
via the transfer gates 63. The vertical CCD arrays 62 
are driven so that the unwanted charges are swept to 
20 the discharge line 67. 

After a specified accumulation time has elapsed 
after the discharge at the discharge line 67, accumu- 
lated signal charges are transferred to the vertical CCD 
arrays 62 via the transfer gates 63. The vertical CCD 
25 arrays 62 are driven so that the signal charges from the 
rows of PtSi diodes 61 are sequentially transferred to 
the horizontal CCD array 64. The horizontal CCD array 
64 then transfers the signal charges to the amplifier 66. 
By varying the accumulation time, an electronic shutter 
30 operation is achieved. 

With reference to FIG. 16. the output of the imaging 
device of FIG. 15 with electronic shutter operation is 
shown as a function of blackbody temperature of an 
object being imaged. The blackbody temperatures were 
35 measured using a blackbody oven; such blackbody tem- 
peratures are analogous to luminance levels of visible 
light. The vertical axis indicates the number (in base-10 
exponential notation) of output electrons generated by 
the PtSi Schottky diodes 61 for objects as a function of 
40 blackbody temperature. 

With reference to FIG. 16. output-characteristic 
curves 16a-16d show outputs of the horizontal CCD 
array 64 for signal charge accumulation times of 1/60, 
1/500, 1/1000. and 1/1500 s. respectively. For an accu- 
45 mulation time of 1/60 s as shown by curve 16a. there is 
a large variation in charge output for objects with a 
range of blackbody temperatures from 20 C to 80 C and 
the images produced have a wide dynamic range. 
Objects associated with this range of blackbody temper- 
so atures are therefore imaged with multiple gray-scale lev- 
els. However, at blackbody temperature greater than 
about 100 C, signal charges fill and overflow the PtSi 
diodes 61 and the output saturates. Thus, images of 
objects at blackbody temperatures greater than 100 C 
55 have only a few gray-scale levels. 

With reference to cprve 16d, corresponding to an 
accumulation time of 1/1*500 s. the output charge 
changes rapidly with temperature for blackbody temper- 
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atures near 200 C. Objects at blackbody temperatures 
near 200 C are therefore imaged with multiple gray- 
scale levels and excellent images are formed of such 
objects. However, at blackbody temperature near 20 C, 
the output is low and the output signal-to-noise ratio is 
low. Images of objects at these temperatures are noisy 
and have few gray-scale levels. 

The curves 16b, 16c, corresponding to signal 
charge accumulation times of 1/500 s and 1/1000 s, 
respectively, have narrow ranges of blackbody tempera- 
tures at which images with multiple gray-scale levels are 
produced. As will be readily apparent from curves 16a- 
16d. high-quality (i.e. wide dynamic range, multiple 
gray-scale) images are difficult to obtain of objects hav- 
ing large temperature variations. 

The above description concerns exposure control 
with an electronic shutter but a similar problem occurs 
with exposure control using lens apertures or filters. 
These exposure-control techniques also do not improve 
the dynamic range or the gray-scale output of the imag- 
ing device. While the description above concerns infra- 
red imaging with infrared-sensitive imaging devices, it is 
similarly difficult for an imaging device sensitive to visi- 
ble light to produce images with a wide dynamic range 
and multiple gray-scale levels. 

It is apparent that imaging devices and methods are 
needed that produce images with a high dynamic range 
and multiple gray-scale levels. 

Summary of the Invention 

The invention provides solid-state imaging devices 
comprising a plurality of photosensors arranged in a 
matrix of rows and columns. The rows comprise odd- 
numbered rows and even-numbered rows. The photo- 
sensors accumulate signal charges corresponding to an 
incident light flux. "Vertical" transfer paths correspond- 
ing to each column of photosensors are provided to 
transfer signal charges (or unwanted charges) to a "hor- 
izontal" transfer path. The horizontal transfer path trans- 
fers the charges to an output amplifier that produces an 
electrical image signal corresponding to the distribution 
of the light flux intensity on the photosensors. Each of 
the vertical and horizontal transfer paths are preferably 
arrays of charged-coupled devices (CCDs). 

Gates are provided to control the transfer of 
charges from the photosensors to the vertical transfer 
paths. The gates are controlled so that the accumula- 
tion times during which signal charges produced by the 
photosensors accumulate are adjustable. The gates 
preferably control accumulation times so that the odd 
rows and even rows have different accumulation times. 
The longer accumulation time is preferably set so that 
the photosensors that are irradiated by the most intense 
portion of the incident light flux are saturated. Such an 
imaging device produces image signals having a wide 
dynamic range and multiple gray-scale levels. 

The photosensors are preferably PtSi Schottky 



diodes or semiconductor junctions but it will be apparent 
that other photosensors are suitable. Depending on the 
photosensors, the imaging device is suitable in various 
wavelength ranges, including the visible and infrared 
5 ranges. 

Shallow potential wells are preferably provided so 
that excess signal charge is discharged to the substrate 
of the imaging device. In this way, the excess charge 
does not reach other photosensors or the vertical trans- 
re? fer paths. Thus, image blooming is suppressed. The 
potential wells are preferably shallower than the poten- 
tial barriers of the pn junction of the photosensor. 

The imaging device can further comprise a sum- 
ming junction that sums the signal charges of an odd 
is row and an adjacent even row so that the charges from 
photosensors in the same column are summed. In one 
embodiment wherein the horizontal scan period is the 
time required to read-out an odd row and an even row, 
the summing junction preferably sums the output of a 
20 row with an output of a previous row that has been 
delayed by one-half of a horizontal scan period. The 
accumulation times for the odd and even rows prefera- 
bly alternate between two different accumulation times. 
The summing junction can be integrated into the imag- 
es ing device but can also be realized with external cir- 
cuitry For example, the summing can be done on the 
vertical transfer paths or in conjunction with an external 
delay line. 

The invention also provides methods of operating 

30 solid-state imaging -devices so that wide dynamic range, 
multiple gray-scale images are formed. The methods 
comprise the step of accumulating signal charge on 
adjacent rows of photosensors for different accumula- 
tion times and then summing the signal charges from 

35 the corresponding columns of the adjacent rows. The 
charges can be summed in potential wells in the imag- 
ing device or summed externally. The summed charges 
are then delivered to an output amplifier. The different 
accumulation times are preferably associated with odd 

40 and even rows alternately. For example, in forming an 
interlaced scan image, the odd rows and the even rows 
have first and second accumulation times during an odd 
field; during an even field, the odd rows have the second 
accumulation time and the even rows have the first 

45 accumulation time. The longer of the first and second 
accumulation times is adjusted so that one or more pho- 
tosensors saturate. 

Because even and odd rows have different accu- 
mulation times, the imaging device provides an image 

so with multiple gray-scale levels irrespective of whether 
the object imaged is bright or dark. Moreover, by select- 
ing only the odd rows or the even rows, an image repre- 
senting either a bright or dark area is produced with 
multiple gray-scale levels. 

55 The accumulation times for odd and even rows 
need not be switched* but the following disadvantage is 
avoided by switching these times. For an odd field, 
charges on an nth row (where n is an odd integer) of 
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photosensors and those on an (n+1)tf? row are 
summed. In conventional two-line interlaced scanning, 
the signal charges on the nth and (n+l)//i row are 
approximately equal. The apparent center of a horizon- 
tal line made by the summation is therefore nearly equi- 5 
distant from the nfn row and the (n+1)tf) row. However, 
in the imaging devices of the present invention, the 
accumulation times differ for even and odd rows of pho- 
tosensors. The apparent center of a horizontal line cor- 
responding to the summed charges is nearer the row 10 
having the longer accumulation time. 

In an even field, charges on an (n-1)tf7 and an nth 
row of photosensors are summed. In this case as well, 
the apparent center of such a horizontal line is nearer 
the row having the longer accumulation time. The dis- is 
placement of the apparent centers degrades image res- 
olution. In a display device such as a shadow-mask 
cathode-ray tube, horizontal lines corresponding to 
even and odd fields are uniformly spaced irrespective of 
the shift of the apparent center. By alternately switching 20 
accumulation times between odd and even fields, the 
apparent centers are not displaced. 

In addition, accumulation times can be alternated 
between even and odd fields whereby the odd field 
accumulates charge for a first accumulation time and 25 
the even field accumulates charge for a second accu- 
mulation time. The accumulation times are then 
switched so that the next odd field accumulates charge 
for the second accumulation time and the next even field 
accumulates charge for the first accumulation time. 30 

The foregoing and other objects, features, and 
advantages of the invention will become more apparent 
from the following detailed description of Example 
Embodiments which proceeds with reference to the 
accompanying drawings. 35 

Rrief Description of the Drawings 



FIG. 1 is a perspective view showing certain gen- 
eral characteristics of a preferred embodiment of a 40 
solid-state imaging device according to the invention. 

FIG. 2 is a perspective view of a the solid-state 
imaging device of FIG. 1 with a summing junction. 

FIGS. 3(a)-3(c) illustrate charge distributions 
obtained by summing charge distributions with different 45 
charge accumulation times. 

FIG. 4 is schematic diagram of a solid-state imag- 
ing device according to Example Embodiment 1 . 

FIG. 5(a) is a schematic diagram of a photosensor 
of the imaging device of FIG. 4. so 

FIG. 5(b) is a sectional view of a photosensor of the 
imaging device of FIG. 4. 

FIG. 6 is a timing diagram illustrating the timing of 
charge transfers for the imaging device of FIG. 4. 

FIGS. 7(a)-7(c) sequentially illustrate image signal 55 
read-out for an even field in Example Embodiment 1 . 

FIG. 8 is a graph of charge output as a function of 
object blackbody temperature for the imaging device of 



Example Embodiment 1 

FIG. 9 is a timing diagram illustrating the timing of 
charge transfers according to Example Embodiment 2. 

FIGS. 10(a)- 10(d) sequentially illustrate image sig- 
nal read-out for an even field according to Example 
Embodiment 2. 

FIG. 1 1 is a sectional view of a photosensor accord- 
ing to Example Embodiment 3. 

FIG. 1 2 is a sectional view of a photosensor accord- 
ing to Example Embodiment 4. 

FIG. 1 3 is a schematic of an imaging device accord- 
ing to Example Embodiment 5. 

FIG. 1 4 is a schematic of an imaging device accord- 
ing to Example Embodiment 6. 

FIG. 15 is a schematic of a prior-art solid-state 
imaging device. 

FIG. 16 is a graph of charge output as a function of 
object blackbody temperature for a prior-art imaging 
device at various electronic shutter speeds. 

Detailed Description 

With reference to FIG. 1. a solid-state imaging 
device comprises a two-dimensional array of photosen- 
sors 10. The array of sensors 10 has even-numbered 
and odd-numbered rows 10e, 10o. respectively. The 
sensors 10 accumulate signal charges corresponding to 
the intensity of an incident light flux 19 on the respective 
sensors 10. It will be apparent that the sensors 10 cor- 
respond to picture elements ("pixels**) of an image pro- 
duced by the imaging device of FIG. 1. Respective 
"vertical" transfer paths 12 are provided for the columns 
of sensors 10; charges from the sensors 10 are trans- 
ferred column-wise along the vertical transfer paths 12. 
Each of the vertical transfer paths 12 preferably com- 
prises a "vertical" array of CCDs. 

The imaging device of FIG. 1 preferably further 
comprises gates 13 that deliver charges from the 
respective sensors 10 to the respective vertical transfer 
paths 12. The transfer can be controlled so that charge 
is accumulated by the sensors 10 for a selectable time. 
A "horizontal" transfer path 14 is provided for transfer- 
ring, in a row-by-row manner, charges received from the 
vertical transfer paths 12. 

The imaging device is controlled so that signal- 
charge accumulation times of the even-numbered rows 
10e and the odd-numbered rows 10o have differing 
accumulation times. A maximum accumulation time for 
either the odd rows 10o or the even rows 10e is set so 
that the sensors 10 of one of the types of rows saturate. 

With reference to FIG. 2, an imaging device similar 
to the imaging device of FIG. 1 is provided but further 
comprising a summing junction 15 that sums signal 
charges from the sensors 10 from the same column and 
adjacent rows. In this imaging device, an image is pro- 
duced whose rows of pixels correspond to the summed 
charges of the alternate rows of sensors 1 0. 
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Example Embodiment 1 

With reference to FIG. 4, a solid-state imaging 
device for detecting infrared images comprises a two- 
dimensional array of PtSi Schottky diodes 42. The array 
comprises odd-numbered rows 47 and even-numbered 
rows 48 of diodes 42. "Vertical" arrays of CCDs 43 are 
provided adjacent the columns of the array of PtSi 
diodes 42; each column has a corresponding vertical 
CCD array 43. Electrodes <|>1-<l>4 are connected to the 
vertical CCD arrays 43 and are driven by a vertical drive 
circuit 45. For simplicity, FIG. 4 shows the electrodes 
$1 -4>4 connected to only one of the vertical CCD arrays 
43; corresponding connections to the remaining vertical 
CCD arrays 43 are not shown. 

A horizontal CCD array 44 is situated along one 
end of the vertical CCD arrays 43 to receive charges 
from the vertical CCD arrays 43. The horizontal CCD 
array 44 delivers the charges to an output amplifier 49 
whose output is an electrical signal corresponding to 
the charges received from the diodes 42. The other 
ends of the vertical CCD arrays 43 are attached to a dis- 
charge line 46. 

With reference to FIG. 5(a), the two electrodes $1. 
<|>2 are associated with the odd rows 47 of the diodes 42; 
the two electrodes <|>3, <K are associated with the even 
rows 48. An isolation region 52 surrounds each of the 
diodes 42. P+ diffusion layers are formed at gaps 50 in 
the isolation region 52. The electrodes <(>1, <J>3 cover the 
gaps 50 in the p+ diffusion layers and serve as gates. 

With reference to FIG. 5(b), the diodes 42 are 
formed by depositing Pt layers on a surface of a p-type 
substrate 51 and heating. Guard rings 61 and the isola- 
tion regions 52 are formed around the diodes 42; the 
guard rings 61 and the isolation regions 52 reduce leak- 
age currents. 

Each vertical CCD array 43 comprises an n-type 
diffusion layer adjacent the isolation region 52. The 
electrodes 4>1 -<H are arranged on the vertical CCD array 
43 and are separated by insulating layers. The diodes 
42 have corresponding aluminum reflecting layers 54 for 
reflecting an incident infrared flux 60; the layers 54 are 
separated from the diodes 42 by insulating films 53 of 
silicon dioxide. 

The operation of the imaging device of Example 
Embodiment 1 is described with reference to FIGS. 6-7. 
The operation is described with application to the NTSC 
video format, although it will be apparent that other 
video formats are equally suitable. In the NTSC format, 
individual images consist of two fields, an even field and 
an odd field. An even or an odd field generally com- 
prises one-half of the picture elements required to gen- 
erate one complete image. The fields alternately 
comprise signal read-outs from odd and even rows. The 
fields are read-out and displayed about every 1/60 s; a 
complete image is displayed about every 1/30 s. Such a 
system is referred to as an "interlaced-scan" system 
and the complete image is an interlaced image. In some 
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NTSC systems, signal charges corresponding to differ- 
ent rows are summed; a row is alternately summed with 
the following and the preceding row. 

The read-out of an even field is described with ref- 
5 erence to FIG. 6 and FIGS. 7(a)-7(c). A field selection 
voltage FLD is applied to select read-out of an even 
field. A horizontal blanking voltage H-BLANK, a horizon- 
tal synchronization voltage H-SYNC. and a vertical syn- 
chronization VD are provided. At a time t 1 during a 
w vertical blanking interval, the vertical drive circuit 45 
applies a voltage SG2 to the electrodes (j>1. Unwanted 
charges Q 47a , Q 4 7b. Q47C accumulated by the diodes 42 
of exemplary odd rows 47a, 47b, 47c. respectively, are 
then transferred to the regions of the vertical CCD 
75 arrays 43 beneath the electrodes 4>1 . Charges of other 
odd rows 47 are similarly transferred, but for simplicity, 
only a single column of the rows 47a, 47b, 47c is shown. 
The vertical drive circuit 45 then drives the electrodes 
<(>1 , <f>4 so that the charges Q 4 7 a . Q47b» Q47c on tne ver * 
20 tical CCD arrays 43 are rapidly transferred in a direction 
55 to the discharge line 46 where they are discharged. 
It will be apparent that the charges discharged at the 
discharge line 46 can correspond to either dark current 
or excess signal charge. 
25 With reference to FIG. 7(b), at a time t 2 , an accumu- 
lation time T s after tj , the vertical drive circuit 45 applies 
voltages SG2. SG1 to the electrodes $1, $3, respec- 
tively. The voltages SG2. SG1 transfer signal charges 
S 47 . S48 from the diodes 42 in both odd rows 47 and 
30 even rows 48. respectively, to the vertical CCD array 43 
at the electrodes <t»1, <t>3. In this manner, signal charges 
S47 accumulated by the odd rows 47 for an accumula- 
tion time T s and signal charges S43 accumulated by the 
even rows 48 for a field period are transferred to the ver- 
35 tical CCD arrays 43. Because the charges S 47 from the 
odd rows 47 are discharged at the time t 1( signal 
charges accumulate for a shorter time on the odd rows 
47 than on the even rows 48. 

With further reference to FIGS. 7(a)-7(c), after the 
40 accumulated charges are transferred to the vertical 
CCD array 43 at time t 2 , the vertical drive circuit 45 
applies an intermediate voltage to the electrodes 4>1 . 4>3, 
<t>4. so that a series of potential wells form under the 
electrodes <t>1 . <|>3. $4. The signal charges from the odd 
45 rows 47a-47c (i.e. the charges S 47a , S 47b , S 47c ) are 
summed with signal charges from the even rows 48 in 
the potential wells. For example, charges from diodes 
42 in the same column but in rows 47a. 48b are 
summed. Similarly, charges from diodes 42 in other col- 
so umns and in rows 47b. 48b are summed. At the end of 
the vertical blanking interval, the vertical drive circuit 45 
drives the electrodes 4>1, <t>4 The summed charges on 
the vertical CCD arrays 43 are then transferred to the 
horizontal CCD array 44 during a horizontal blanking 
55 interval and then delivered to the output amplifier 49. 

An odd field is read-out similarly. A field selection 
voltage FLD is applied to select read-out of an odd field. 
At a time t 1 in a vertical blanking interval, the vertical 
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drive circuit 45 applies a voltage SG1 to the electrodes 
<t>3. Unwanted charges accumulated on the even rows 
48a, 48b of diodes 42 are transferred to the regions on 
the vertical CCD arrays 43 under the electrodes <t>3. The 
vertical drive circuit 45 then drives the electrodes $1-<t>4 
so that the unwanted charges are delivered to and dis- 
charged by the discharge line 46. 

At a time t 2 = t , + T s , the vertical drive circuit 45 
applies voltages SG2, SG1 to the electrodes fl, 4>3. 
respectively. Signal charges accumulated on both the 
even rows 48 and the odd rows 47 of diodes 42 are then 
transferred to the vertical CCD arrays 43. Signal 
charges accumulated during the accumulation time T s 
are delivered from the diodes 42 in the even rows 48a- 
48c; signal charges from the odd rows 47a-47c are 
accumulated for a longer time corresponding to the field 
period. 

The vertical drive circuit 45 then applies voltages to 
the electrodes <j>1-4>3, forming a series of potential wells 
under the electrodes <|>1-<|>3. The signal charges from 
corresponding diodes 42 in the odd rows 47 and the 
even rows 48 are summed in these potential wells. At 
the end of the vertical blanking interval, the vertical drive 
circuit 45 drives the electrodes <|>i-<t>4 so that signal 
charges on the vertical CCD arrays 43 are transferred to 
the horizontal CCD array 44 during a horizontal blanking 
interval and then to the output amplifier 49. In this way, 
charges accumulated for different times on the rows 47, 
48 are summed in the vertical CCD arrays 43. 

The effective output of the imaging device of Exam- 
pie Embodiment 1 as described above is shown in FIG. 
8. The output as a function of blackbody temperature for 
accumulation times of 1/60 s and 1/1 500 s are shown as 
curves A and D, respectively; the curve A + D shows the 
output obtained when the accumulation times alternate. 
As shown in FIG. 8. an image signal with multiple gray- 
scale levels and wide dynamic range is provided for 
imaging objects with blackbody temperatures between 
80 C and 250 C. 

Because the long and short accumulation times 
(i.e. t the field period and the accumulation time T s ) alter- 
nate between the odd rows 47 ancf the even rows 48, a 
shift in the apparent position of the image is avoided. 
With reference to FIG. 3(a), exemplary charge distribu- 
tions such as charge distribution 42ab for a representa- 
tive column of diodes 42 (exemplary diodes 42a-42d) 
for an odd field, have apparent centers a, p t y. These 
centers are shifted toward the diodes 42a. 42d that have 
the longer accumulation time. With reference to FIG. 
3(b). a similar displacement 6 of the apparent center of 
the summed charged distributions of the exempiary 
diodes 42b, 42c is shown. The displacement 6 results 
from the diodes 42b. 42c accumulating charge for time 
periods of different lengths. With reference to FIG. 3(c). 
the accumulation periods of diodes 42b. 42c of FIG. 
3(b) are switched so that there is no displacement of the 
center of the charge distribution. With such alternation 
of the accumulation periods, image resolution is not 



degraded by a displacement in the center of the charge 
distribution. 

The structure of an imaging device according to 
Example Embodiment 2 is identical to that of Example 
Embodiment 1 as shown in FIGS. 4 and 5(a)-(b) and the 
description thereof is omitted. 
10 Read-out of an even field is described with refer- 
ence to FIGS. 9 and 10(a)-10(d). First, at a time X, within 
a vertical blanking interval (FIG. 10(a)), the vertical drive 
circuit 45 applies a voltage to the electrodes <t>1. 
Unwanted charges accumulated on the odd rows 47a- 
is 47c are transferred to the vertical CCD array 43. At a 
time t 2 within the vertical blanking interval (FIG. 10(b)). 
the vertical drive circuit 45 applies a voltage to the elec- 
trodes 4>3. Unwanted charges accumulated on the even 
rows 48a, 48b are transferred to the vertical CCD array 
20 43. Next, the vertical drive circuit 45 drives the elec- 
trodes 4>1-<t>4 so that the unwanted charges transferred 
to the vertical CCD array 43 are transferred to and dis- 
charged by the discharge line 46, 

At a time t 3 during the vertical blanking interval 
25 (FIG. 10(c)). the vertical drive circuit 45 applies a high 
voltage to the electrodes <(>1, 4>3. Signal charges accu- 
mulated on both even rows 48 and odd rows 47 of 
diodes 42 are transferred to the regions of the vertical 
CCD array 43 defined by the electrodes 4>3. <t>1 . respec- 
30 tively. Signal charges C. E, G on the odd rows 47 are 
accumulated for an accumulation time of t 3 -t n while sig- 
nal charges D, F on the even rows 48 are accumulated 
for an accumulation time of t 3 -t 2 - 

After the signal charges are transferred to the verti- 
35 cal CCD array 43, the vertical drive circuit 45 applies a 
voltage to the electrodes +1 . <t>3. <t>4 to form a series of 
potential wells under the electrodes 4>1. <t>3. <t>4 (FIG. 
10(d)). The signal charges are summed in these poten- 
tial wells. For example, the charges CD are summed in 
40 one potential well and the charges E, F are summed in 
another. The vertical drive circuit 45 drives the elec- 
trodes <|>1-<|>4 so t° at summed charges transfer in a 
direction 57 along the vertical CCD array 43 to the hori- 
zontal array CCD 44 during a horizontal blanking inter- 
45 val. The charges are then transferred to the output 
amplif ier for read-out. 

An odd field is read-out similarly. First, at a time 
within a vertical blanking interval, the vertical drive cir- 
cuit 45 applies a voltage to the electrodes <t>3. Unwanted 
so charges accumulated on the even rows 48 are trans- 
ferred to the vertical CCD array 43. At a time t 2 within 
the vertical blanking interval, the vertical drive circuit 45 
applies a voltage to the electrodes *1. Unwanted 
charges accumulated on the odd rows 47 are trans- 
55 ferred to the vertical CCD array 43. The vertical drive 
circuit 45 then drives th$ electrodes 4>1 -<K so that these 
charges are transferred td'and discharged by the dis- 
charge line 46. 
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At a time t 3 in a vertical blanking interval, the verti- 
cal drive circuit 45 applies a voltage to the electrodes 
4>1-<t>3. Signal charges accumulated on even rows 48 
and odd rows 47 are transferred simultaneously to the 
vertical CCD array 43. Signal charges accumulated dur- 
ing an accumulation period of t 3 -t 1 are transferred from 
the even rows 48; signal charges accumulated for an 
accumulation period of t 3 -t 2 are transferred from the odd 
rows 47a-47c. The vertical drive circuit 45 then applies 
an intermediate voltage to the electrodes 4>1-<(>3. A 
series of potential wells is then formed under the elec- 
trodes <J>1-4>3. The signal charges are summed in the 
potential wells. 

When the vertical blanking interval ends, the verti- 
cal drive circuit 45 drives the electrodes <j>1- <t>4 so that 
the signal charges on the vertical CCD array 43 are 
transferred to the horizontal CCD array 44 during a hor- 
izontal blanking interval. The horizontal CCD array 44 
then delivers the charges to the output amplifier. 

While the imaging device of Example Embodiment 
2 has the same advantages as that of Example Embod- 
iment 1, Example Embodiment 2 has an additional 
advantage, in Example Embodiment 2. both the even 
and odd rows are electronically shuttered so that 
objects having higher blackbody temperatures can be 
well-imaged. 

Example E mbodiment 3 

With reference to FIG. 11, an imaging device 
according to Example Embodiment 3 that receives an 
incident light flux 339 comprises an array of n-type pho- 
tosensors 334 on an n-type silicon substrate 331; a 
potential well 332 separates the photosensors 334 from 
the substrate 331 . For convenience, only a single photo- 
sensor 334 of the array is shown in FIG. 1 1 . Alterna- 
tively, if a buried photosensor is preferred to reduce dark 
current a p-type diffusion layer can be formed on sur- 
faces of the sensors 334 facing the light flux 339. A ver- 
tical CCD 336 formed by an n-type diffusion layer is 
adjacent the sensors 334, separated by an isolation 
region 333. Electrodes <|>1-<|>4 are formed on respective 
vertical CCDs 336 with an insulating film between them. 
Insulating layers 337 of SiO x cover the photosensors 
334 and the electrodes $1 -$4. 

The portion of the potential well 332 beneath the 
sensor 334 is shallower than the other portions of the 
potential well 332. This creates a so-called "longitudinal 
overflow drain structure." This structure provides a dis- 
charge path for excess charge accumulated by the pho- 
tosensor 334. However, other structures, such as a so- 
called "lateral overflow drain structure." are equally 
applicable. 

A reverse bias is applied to the junction between 
the n-type substrate 331 and the potential well 332, 
depleting the portion of the potential well 332 beneath 
the photosensor 334. As signal charges accumulate on 
the photosensor 334, the potential of the photosensor 
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334 decreases. If sufficient charge accumulates, the 
junction between the photosensor 334 and the potential 
well 332 becomes forward biased. Thereafter, charges 
overflowing the photosensors 334 are removed longitu- 

5 dinally through the potential well 332 and into the sub- 
strate 331 because of the reverse bias. 

When the imaging device of Example Embodiment 
3 is operated as described above with respect to Exam- 
ple Embodiment 1 , accumulation of charge by the pho- 

w tosensor 334 for long accumulation times (such as the 
1/60 s NTSC field time) is satisfactory. The longitudinal 
overflow-drain structure prevents charge from leaking 
through the isolation regions 333 and entering the verti- 
cal CCDs 36. 

15 

Example Embodiment 4 

With reference to FIG. 12. an imaging device 
according to Example Embodiment 4 comprises an 
20 array of n-type absorption regions 444 on a p-type sili- 
con substrate 442. For convenience, only a single 
absorption region 444 of the array is shown in FIG. 12. 
The absorption region 444 receives a visible light flux 
449. Dark current is reduced with an embedded-photo- 
25 diode structure by forming a shallow p-type diffusion 
layer 443a on the absorption region 444. A PtSi 
Schottky diode 445 is formed between the layer 443a 
and the absorption region 444 by reacting platinum (Pt) 
with silicon (Si). The p-type diffusion layer 443a pro- 
30 vides a discharge path for charge accumulated in the 
absorption region 444. 

A vertical CCD 446 comprises an n-type diffusion 
layer adjacent to the absorption region 444. An isolation 
region 443 separates the vertical CCD 446 and the 
35 absorption region 444. Electrodes <|>1-<t>4 are formed on 
the respective vertical CCDs 46. separated by insulat- 
ing layers. Only the electrode <t>2 is shown in FIG. 1 2. 

Because the potential barriers of the PtSi Schottky 
junctions are lower than the potential barrier of a pn 
40 junction, as signal charge accumulate in the absorption 
region 444, the charge soon overflows the PtSi Schottky 
diode 445. The overflow charge is released to the p-type 
substrate 442 via the p-type diffusion layer 443a and the 
p-type isolation region 443. If read-out is performed as 
45 described above with respect to Example Embodiment 
1 , the overflow charge is discharged into the substrate' 
442 and does not reach the vertical CCD 446. 

Example Embodiment 5 

50 

With reference to FIG. 13, an image output of a 
solid-state imaging device 551 is input to a delay line 
552 through an input terminal 552a and directly to a 
summing junction 553. A delayed output of the delay 
55 line 552 is also supplied to the summing junction 553. 
The summing junctiQn 553isums the direct and delayed 
outputs and delivers the sum to a lookup device 555 that 
supplies an output to an output terminal 555a. The 
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lookup device 555 uses a lookup table to determine the 
output based on the sum delivered from the summing 
junction 553. 

An image is read-out from the imaging device 551 
as follows. First, the imaging device 551 accumulates 
signal charges for accumulation times that differ for 
even and odd numbered rows. I.e., the nth and (n+2)r/7 
rows have a different accumulation time than the 
(n+1)tfi row. 

The imaging device 551 is preferably driven at a 
multiplied speed in vertical and horizontal directions, 
whereby an image signal is read at the multiplied speed. 
The imaging device 551 is preferably read-out at a dou- 
bled speed. If the time H is the time required to read-out 
a single row. the delay line 552 delays the image signal 
by H/2 and thus outputs a signal representing an imme- 
diately preceding horizontal line. The summing junction 
553 sums a horizontal line and an immediately preced- 
ing horizontal line. The lookup device 555 uses the 
lookup table 55 to provide predetermined gain control 
on the sum. If the read-out is at a doubled speed, then 
the image signal provided by the summing junction (i.e., 
the sum of two rows) is at the same rate as without the 
summation. 

Example Embodiment 5 has advantages similar to 
those of Example Embodiment 1. Example Embodi- 
ment 5 has the particular advantage that the imaging 
device 555 can be an existing device and requires no 
modification because the summing junction 552 is 
external to the imaging device 551 . 

Fva mplft Embodiment 6 



With reference to FIG. 14, an image output of a 
solid-state imaging device 656 is supplied to a single- 
field delay line 657 at an input 657a and directly to a 
summing junction 658. The delay line 657 supplies a 
delayed output to the summing junction 658. The sum- 
ming junction 658 sums the direct and delayed image 
outputs and delivers the sum to a lookup device 659 that 
provides an output 659a based on the sum. The lookup 
device 659 uses a lookup table to determine the output. 

The operation of Example Embodiment 6 is as fol- 
lows. First the image sensor 556 accumulates signal 
charges for accumulation times that are different for 
successive fields. In particular, odd fields have one 
accumulation time and even fields have a different accu- 
mulation time. The single-field delay line 557 delays a 
read-out image signal representing a field by one field 
time, and outputs an image signal representing an 
immediately preceding field. 

The summing junction 558 adds the delayed field 
and a current field so that delayed and direct signals 
from each pixel are summed. The lookup device 559 
delivers the sum with a gain control determined by the 
lookup table. A resultant output is then output externally. 

Example Embodiment 6 has advantages similar to 
those of Example Embodiment 1 . A particular advan- 



tage of Example Embodiment 6 is that an existing imag- 
ing device can serve as the imaging device 656 
because the summing junction 657 is external to the 
imaging device 656. In contrast, in the imaging device of 
5 Example Embodiment 1, charges are summed in the 
vertical CCD arrays 43. 

While the Example Embodiments are discussed 
with application to NTSC video standard, the invention 
is not limited a particular video format. It will be appar- 
w ent that the invention is applicable to various field rates 
and sizes of the array of photosensors. In addition, it will 
be apparent that the imaging devices of the Example 
Embodiments are applicable to still images as well as 
video images. In the Example Embodiments, unwanted 
15 charges are completely discharged. It will be apparent 
that, even if only a portion of the unwanted charges is 
discharged, the dynamic range is still expanded. 

In the Example Embodiments 1-4, electronic shut- 
ter operation is possible for accumulation times of less 
20 than or equal to the vertical blanking period. However, 
the invention is not limited to such operation. For exam- 
ple, if a dedicated discharge path is provided, the accu- 
mulation period can be longer than the vertical blanking 
period. 

25 Schottky barriers of platinum silicide (PtSi) and sili- 
con are used as the photosensors in some Example 
Embodiments. PtSi Schottky barriers are advantageous 
in that they are suitable for infrared imaging. Other bar- 
rier materials can be used as well, such as iridium sili- 
30 cide (IrSi), palladium silicide (PdSi), or other metallic 
silicides. The photosensors can also be pn junctions. If 
silicon pn junctions are used, then the imaging device is 
sensitive to visible light 

Schottky barriers between platinum silicide (PtSi) 
35 and silicon are used in some Example Embodiments to 
discharge excess charge so that such charge does not 
reach the vertical CCD arrays or other photosensors, 
but the invention is not limited to this structure. Any 
potential barrier will generally be sufficient if the barrier 
40 is lower than the potential barrier in a pn junction of the 
substrate material. For example, Schottky barriers 
between metallic silicides such as iridium silicide (InSi) 
or palladium silicide (PdSi) and silicon are suitable. 
In the Example Embodiments, bright areas of 
45 objects are imaged with multiple gray-scale levels using 
rows of photosensors that accumulate signal charge for 
relatively short accumulation times. In contrast, dark 
areas are imaged with a high signal-to-noise ratio and 
multiple gray-scale levels using rows of photosensors 
so that have longer charge accumulation times. Therefore, 
for both bright and dark areas, improved images are 
obtained. In particular, the longer accumulation time is 
preferably set so that the photosensors receiving the 
greatest incident light flux are saturated. In addition, by 
55 selecting and displaying charges from rows with longer 
of shorter accumulatipn times, improved images of 
either bright or dafktreasTare produced. Furthermore, 
the summation of signal charges from alternating long 



8 



t 



BP 0 862 321 A2 



16 



and short accumulation times is readily carried out 
using vertical transfer paths, such as the vertical CCD 
arrays 43, provided within the imaging device. 

By alternately associating the long and short accu- 
mulation times with even and odd rows of photosensors, 
apparent shifts in image position are avoided. 

The long accumulation time is preferably set so that 
some of the photosensors of the imaging device satu- 
rate. Excess charge accumulated by such photosensors 
can be discharged into a substrate through, for exam- 
ple, a shallow potential well. Such discharge prevents 
blooming. The shallow potential well is preferably shal- 
lower than the potential barrier of the pn junction. 

In addition, an external circuit can be provided to 
combine signal charges from rows with long and short 
accumulation times. Therefore, existing imaging 
devices can be adapted to have the advantages 
described herein. 

Having illustrated and demonstrated the principles 
of the invention in Example Embodiments, it should be 
apparent to those skilled in the art that the Example 
Embodiments can be modified in arrangement and 
detail without departing from such principles. We claim 
as the invention all that comes within the scope of these 
claims. 

Claims 

1 . A solid-state imaging device, comprising: 

(a) a two-dimensional array of photosensors 
comprising vertical columns and odd-num- 
bered and even-numbered horizontal rows of 
photosensors, the photosensors accumulating 
signal charges corresponding to an incident 
light flux; 

(b) vertical transfer paths associated with the 
columns of photosensors; 

(c) gates for delivering charges accumulated 
on the photosensors during an accumulation 
time to the vertical transfer paths; 

(d) a horizontal transfer path for transferring the 
signal charges received from the vertical trans- 
fer paths to an output; and 

(e) a vertical drive circuit that controls the gates 
so that signal charges accumulate for a first 
accumulation time in the photosensors in the 
odd rows and a second accumulation time in 
the photosensors in the even rows, wherein the 
first and second accumulation times are une- 
qual, the vertical drive circuit also directing the 
signal charges from the vertical transfer paths 
to the horizontal transfer path, so as to produce 
an image signal. 

2. The imaging device of claim 1 , wherein the longer 
of the first and second accumulation times is 
selected so at least one photosensor is saturated 



by the incident light flux. 

3. The imaging device of claim 1 , further comprising a 
summing junction for summing signal charges from 

5 photosensors from the same column and adjacent 

rows of the array of photosensors, the image signal 
corresponding to the summed signal charges. 

4. The imaging device of claim 3, wherein the gates 
w alternately switch the first and second accumulation 

times between the odd-numbered and the even- 
numbered rows of photosensors. 

5. The imaging device of claim 3, wherein the vertical 
is transfer paths comprise the summing junction. 

6. The imaging device of claim 1, wherein the gates 
alternately switch the first and second accumulation 
times between the odd-numbered and even-num- 

20 bered rows of photosensors, whereby an image sig- 
nal is produced alternately corresponding to the 
first accumulation time and the second accumula- 
tion time. 

25 7. The imaging device of claim 1 , wherein the photo- 
sensors are Schottky barriers. 

8. The imaging device of claim 1 , wherein the photo- 
sensors are silicon pn junctions. 
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The imaging device of claim 8, further comprising a 
charge releaser for releasing excess charges from 
the photosensors. 

35 10. The imaging device of claim 9, wherein the charge 
releaser provides a potential barrier lower than the 
potential barrier of the pn junction. 

1 1 . The imaging device of claim 1 , further comprising: 

a summing junction for summing signal 
charges; and 

a delay line that (i) receives an output from the 
horizontal transfer path, (ii) delays the output 

45 by a delay time, and (iii) delivers the output to 

the summing junction, wherein the delay time is 
equal to a time required to transfer signal 
charges from an entire row to the horizontal 
transfer path, wherein an image signal is pro- 

so duced corresponding to the sum of the signal 

charges in alternate rows. 

12. A solid-state imaging device, comprising: 

55 (a) a two-dimensional array of photosensors 

comprising .vertical columns and odd-num- 
bered ana even-numbered horizontal rows of 
photosensors,- the photosensors accumulating 
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signal charges corresponding to an incident 
light flux; 

(b) vertical transfer paths associated with the 
columns of photosensors; 

(c) gates for delivering charges accumulated s 
on the photosensors during an accumulation 
time to the vertical transfer paths; (d) a horizon- 
tal transfer path for 

transferring the signal charges received from 
the vertical transfer paths to an output; w 

(e) a vertical drive circuit that controls the trans- 
fer of signal charges from the photosensors to 
the vertical transfer paths so that signal 
charges accumulate for a first accumulation 
time for a first image field a second accumula- is 
tion time for a second image field, the vertical 
drive circuit also directing the signal charges 
from the vertical transfer paths to the horizontal 
transfer path; and 

(f) a summing junction that sums correspond- 20 
ing signal charges from the first and second 
image fields, so as to produce an image signal. 

13. A method for producing an image signal from an 
imaging device comprising an array of photosen- 25 
sors arranged in vertical columns and odd-num- 
bered and even-numbered horizontal rows, the 
photosensors accumulating signal charges corre- 
sponding to an incident light flux, the method com- 
prising the steps of: 30 

(a) accumulating signal charges on the odd- 
numbered rows for a first accumulation time; 

(b) accumulating signal charges on the even- 
numbered rows for a second accumulation time 35 
different from the first accumulation time; and 

(c) producing an image signal having horizontal 
lines corresponding to the signal charges accu- 
mulated by the odd-numbered and even-num- 
bered rows. 40 

14. The method of claim 1 3. further comprising the step 
of alternately associating the first accumulation 
time and the second accumulation time with the 
odd-numbered and even-numbered rows, the odd- 45 
numbered and even-numbered rows alternately 
accumulating signal charges for the first and sec- 
ond accumulation times. 




to the columns of photosensors, for receiving 
signal charges from the columns of photosen- 
sors; and 

providing a vertical drive circuit in communica- 
tion with the vertical transfer paths that sums 
signal charges from photosensors in the same 
column and adjacent rows, the image signal 
corresponding to the summed signal charges. 

17. The method of claim 13, further comprising the 
steps of: 

providing a delay line that delays the output 
corresponding to a single row of photosensors 
by a time equal to the time required to read-out 
a single row of photosensors; and 
providing a summing junction that sums signal 
charges from a row of sensors with signal 
charges from a preceding row of sensors that is 
delayed by the delay line, the image signal cor- 
responding to the summed signal charges. 

18. A method for producing an interlaced image signal 
from an imaging device having an array of photo- 
sensors arranged in vertical columns and horizontal 
rows, the photosensors accumulating signal 
charges corresponding to an incident light flux, the 
method comprising the steps of: 

(a) accumulating signal charges on photosen- 
sors for a for a first accumulation time; 

(b) producing a first field image signal corre- 
sponding to the signal charges in the photosen- 
sors accumulated for the first accumulation 
time; 

(c) accumulating signal charges in the photo- 
sensors for a second accumulation time, 
wherein the first and second accumulation 
times are different; 

(d) producing a second field image signal cor- 
responding to the signal charges accumulated 
by the photosensors for the second accumula- 
tion time; and 

(e) combining the first field and second field 
image signals to form an image signal. 



1 5. The method of claim 1 4, further comprising the step so 
of selecting the longer of the first and second accu- 
mulation times so that at least one photosensor is 
saturated. 

16. The method of claim 13. further comprising the ss 
steps of: 

providing vertical transfer paths, corresponding 
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FIG. 3(b) 



FIG. 3(c) 
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